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© Lubricating compositions. 

@ This invention relates to a lubricating composition comprising a major amount of an oil of lubricating 
viscosity, (A) an hydrocarbyl phosphite, wherein each hydrocarbyl group is saturated and independently contains 
from about 12 to about 24 carbon atoms, (B) an organic polysulfide, and (C) (i) a borated overbased metal salt of 
an acidic organic compound, (ii) a combination of a borated dispersant and a phosphorus antiwear or extreme 
pressure agent selected from the group consisting of a phosphoric acid ester or salt thereof, a lower alkyl 
phosphite, and a phosphorus-containing carboxylic acid, ester, ether, or amide, or (iii) a mixture of (i) and (ii). 
These compositions provide improved frictional properties to lubricating composition while maintaining the 
extreme pressure protection of the lubricant. The lubricating compositions have good thermal stability. 
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This lotion relates to co r= 
provide improved friction, e^eme pressure £^T%£J!> with (B) a polysulfide and (C) (i) a 

- ' *~ — - 3 Ph0SPh ° rUS 
antiwear or extreme pressure agent or (ii,) a m ^^°V w _ under norma i conditions, they suffer 
Although conventional differentials ^^^^ SKch if one wheel looses traction, the 
, r0 m a drawback called stal.ing. ^•^ 1 £T^^^ Min m. where all o, the driving 
vehicle does not move. The reason for h,s » e ated to he de gn o the ^ ^ ^ 

torque is taken away by the wheel w.th less Mm Umjd - P ^eren g ^ ^ ^ 

Motional characteristics to the lubricant to ^^^l^Tantiwear and/or extreme pressure additives. 

As a general rule, friction mod.fiers hurt the , P«*™"»™ damage by maintai ning a layer of 
Generally, the antiwear or extreme pressure addftves ,r provide antiwear 
lubricant between the moving parts of the ^^^STt!^ a need for lubricants for limited 
or extreme pressure help reduce harmful ^^H^d^ar/extreme pressure properties, 
slip axles which provide a balance between «nrt«n-pmpjrt^nd« g ^ ^ {o 

Thermal stability of the lubricant ,s another m ^^T{ 0 ™ in ^ bulk and are not 

endure high operating temperatures of ^^T^^^Z^ stable. One measure 

ss .issrrf^ — * 9 — re,,ected in 

the ASTM L-42 test. . i™ fln tinn is to Drovide lubricating compositions 

S r SSSatprobJbecomes ^"J*"™ f ^ °Lunt o, an oi, of lubricating 
This invention re.ates to a lubricating "T^™*^^ Med and inde pendent.y 
viscosity, (A) an hydrocarby. phosphfte. where, each hydrocarby W and , borated 

!0 contains from about 12 to about 24 »tbon ftorn^B a ^ c0 Sn of a borated dispersant and a 
overbased metal sal. of an acidic consisting o, a phosphoric acid 

amide, or (iii) a mixture of (i) and (u). nrnnprt i es jncludinq limited slip performance to lubricat- 

ssrsrs£ sssagS: srrjartf: : 

« (!) hMHuM h»*oc«bo" sub.*** '"'^J^ZmmM, IwMwM. «M « *e 

:si"^rj ,r. = - - * Si <- - <— * * r ° - -* 

hydroxy, mercapto, nltro, nitroso, sulfoxy, etc.). predominantly hydrocarbon 

(3 ) heteroatom ***** . Uj. subs Jf^J^ >" ■ *» or ** 
so character within the context of Dm invention .contain a heteroa toms will be apparent to 
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(ii) a combination of a borated dispersant and a phosphorus antiwear or extreme pressure agent other than 
the saturated hydrocarbyl phosphite (A). 

(A) Hydrocarbyl Phosphites 

5 

The lubricating compositions include a hydrocarbyl phosphite, which is composed of saturated 
hydrocarbyl groups. Generally, the hydrocarbyl phosphite is used in the lubricating composition at a level 
sufficient to improve the frictional properties of the lubricating compositions. In another embodiment, the 
hydrocarbyl phosphite is used in an amount from about 0.1% up to about 5%, or from about 0.3% up to 
io about 4% by weight of the lubricating composition. In one embodiment, the hydrocarbyl phosphite is 
present in an amount from about 0.5% up to about 4%, or from about 0.1% up to about 3.5% by weight of 
the lubricating composition. Here, as well as elsewhere in the specification and claims, the range and ratio 
limits may be combined. 

The phosphite may be a dihydrocarbyl or a trihydrocarbyl phosphite. In one embodiment, each 
75 hydrocarbyl group independently contains from about 12 up to about 28, or from about 14 up to about 24, 
or from about 14 up to about 18 carbons atoms. In one embodiment, the hydrocarbyl groups are alkyl 
groups. Examples of hydrocarbyl groups include tridecyl, tetradecyl, hexadecyl, octadecyl groups and 
mixtures thereof. 

The hydrocarbyl phosphites are known to those in the art. One manner of making the phosphite is by 
20 transesterification of a lower alkyl (e.g. containing less than eight carbon atoms) phosphite with at least one 
saturated alcohol. 

The hydrocarbyl phosphite may be prepared from commercially available alcohols and alcohol mix- 
tures. Examples of commercially available alcohols and alcohol mixtures include Alfol 1218 {a mixture of 
synthetic, primary, straight-chain alcohols containing 12 to 18 carbon atoms); Alfol 20 + alcohols (mixtures 

25 of C18-C28 primary alcohols having mostly C20 alcohols as determined by GLC (gas-liquid-chromatog- 
raphy)); and Alfol 22 + alcohols (C18-C28 primary alcohols containing primarily C22 alcohols). Alfol alcohols 
are available from Continental Oil Company. Another example of a commercially available alcohol mixture is 
Adol 60 (about 75% by weight of a straight chain C22 primary alcohol, about 15% of a C20 primary alcohol 
and about 8% of C18 and C24 alcohols). The Adol alcohols are marketed by Ashland Chemical, 

30 A variety of mixtures of monohydric fatty alcohols derived from naturally occurring triglycerides and 
ranging in chain length from Ca to Cis are available from Procter & Gamble Company. These mixtures 
contain various amounts of fatty alcohols containing 12, 14, 16, or 18 carbon atoms. For example, CO-1214 
is a fatty alcohol mixture containing 0.5% of C10 alcohol, 66.0% of C12 alcohol, 26.0% of Cu alcohol and 
6.5% of Cic alcohol. 

35 Another group of commercially available mixtures include the "Neodol" products available from Shell 
Chemical Co. For example, Neodol 23 is a mixture of C12 and Cia alcohols; Neodol 25 is a mixture of C12 
and C15 alcohols; and Neodol 45 is a mixture of Cm to C15 linear alcohols. 

In one embodiment, the phosphite contains from about 14 to about 18 carbon atoms in each 
hydrocarbyl group. The hydrocarbyl groups of the phosphite are generally derived from a mixture of fatty 

40 alcohols having from about 14 up to about 18 carbon atoms. 

The hydrocarbyl phosphite may also be derived from a fatty vicinal diol. Fatty vicinal diols include those 
available from Ashland Oil under the general trade designation Adol 114 and Adol 158. The former is 
derived from a straight chain alpha olefin fraction of Cm-Ch, and the latter is derived from a C15-C18 
fraction. 

45 

(B) Polysulfides 

The above hydrocarbyl phosphites are used in lubricating compositions together with (B) an organic 
poly sulfide. Generally, the organic polysulfide is used in an amount from about 0.5% up to about 8%, or 

50 from about 1% up to about 5%, or from about 2% up to about 4% by weight of the lubricating composition. 
The organic polysulfides are generally characterized as having sulfur-sulfur linkages. Typically the 
linkages have from 2 to about 10 sulfur atoms, or from 2 to about 6 sulfur atoms, or from 2 to about 4 sulfur 
atoms. In one embodiment, the organic polysulfides are generally di-, tri- or tetrasulfide compositions, with 
trisulfide compositions preferred. In another embodiment, the polysulfide is a mixture where the majority of 

55 the compounds in the mixture are tri- or tetrasulfides. Still, in another embodiment, the polysulfide is a 
mixture of compounds where at least 60%, or at least about 70%, or at least about 80% of the compounds 
are trisulfide. 
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The organic polysulfides provide from about 1% to about 3% by weight sulfur to the lubricating 
J£i£*Zi*. the organic polysomes contain from about 10% to about 60% sulfur, or from 
5hAllt O no, tn shout 50% or from about 35% to about 45% by weight sulfur. 

Mate rials whch SJ*; Irized to form the organic polysuifides include oils, fatty acids or esters or 
olefins o tlSns. Oils which may be sulfurized are natural or synthetic oils includmg mineral orts lard 
TZ£Zm ^ derived from aliphatic alcohols and fatty acids or aliphatc carboxylic ac.ds (e.g.. 
mvristvl oleate and oleyl oleate), and synthetic unsaturated esters or glycendes. 

Fattv Sds Generally contain from about 8 to about 30, or from about 12 to about 24 carbon atoms. 
Examptos of tty S nclude oleic, linoleic, linolenic, tall oi, and rosin acids. Sulfurized fatty ^ 
prepaid I fram Sxed unsaturated fatty acid esters such as are obtained from anima, fats and vegetable o,ls, 
includinq tall oil, linseed oil, soybean oil, rapeseed oil, and fish oil, are also usefuL 

Z ofe inic compounds which may be sulfurized are diverse in nature. They contain at least one 
uf li doMhle bond Twhich is defined as a non-aromatic double bond. In its broadest sense, the olefin may 
olefinic double ^-^Z^™. cfW . wnere in each of FT, R" 2 , R* 3 and R 4 is hydrogen or an 
Info glp n geneTaUheR gLpsin the above formula which are not hydrogen may be satisfied by 
organ.c group, genera, a " - C OON(R*)», -COOM, -CN. -X, -YR" 5 or -Ar, where.n: each 

* sSn eS hydr^n a.^yl X* ar£ subs Jed ** substituted alkeny, or substituted ary. 
L !h e rSs o Z any two R -5 groups can be alkylene or substituted alkylene whereby a r,ng of up to 
lu 12 carbon at ms is told; M is one equivalent of a metal cation (or a Group I or II metal cation, e.g., 
oo urn potass^ barium, or calcium cation); X is halogen (e.g., chloro, bromo, or iodo); Y ,. oxygen or 
talent sulfur AMs an ary or substituted aryl group of up to about 12 carbon atoms. Any two of R \ Ffi 
St3 R- may ^0 together form an alkylene or substituted alkylene group; i.e., the olefinic compound 



The oSc compound is usually one in which each R- group which is no. hydrogen ,s mdependently 
. al J alteny « Z group. Monoolefinic and dioleflnic compounds, particularly the former are preferred. 
2 eSlv terminal monoolefinic hydrocarbons; that is, those compounds .n which R* and R are 
SrS^?^ R" 2 are a hydrocarby, group having from 1 to about 30, or from 1 to a ou 6 or from 
i to about 8 or from 1 to about 4 carbon atoms. Olefinic compounds having about 3 to about 30 and 
alt 3 to about 16 (most often less than about 9) carbon atoms are particular^ des.rable. 
. 6SP o^m odime^e organic polysuHide comprises a sulfurized olefin whe* the o^ns have rom 
to about 30 carbon atoms, or from 2 to about 18, or from 2 to about 8, or to about 4. The olefins indude 
aVha-ote^s^xamples of olefins include ethylene, propylene, 1 -butane, isobutene, 1-ootene l-nonene. i- 
oecene T^e ene, 1-tridecene, 1-tetradecene. 1-pentadecene, 1-hexadeoene. '"heptadecene -oc- 
tdiene 1 nonadecene, 1-eicosene, 1-henicosene, 1-docosene, 1-tetracosene. eto Commercially ava lab e 
35 a Olefin ions that can be used include the C )5 -,s alpha-olefins, ft,-,. *J^*-. Cu-« *»- 
niAfins Cu , 8 aloha-olefins, C, 6 -, 8 alpha-olefins, Cu- 2 o alpha-olefins, 022-2.. alpha-olefins, etc 

Gene ally T2Z compound contains from about 2 to 5 carbon atoms and examples include 
emyfer P lvTene butylene isobutylene, and amylene. Isobutene, propylene and the, dimers, trimers 
2 l m*Z!Z<n2es thereof are especially preferred olefinic compounds. Of these compounds, 

" ^SCSKTSl — tion of clefts contour or more 

stoiCniomeS excTof a ow carbon atom olefin, (2) treating the resufting product with an alkal. me a 
« Se " e P ence of free sulfur in a mole ratio o, no less than ^-.•f^^f^fi 
Reacting that product with an inorganic base. This procedure is described in US Patent 3,471^404 and Mto 
Sure of U.S. Patent 3,471 ,404 is hereby incorporated by reference for its discuss.on of this procedure 
tor nreDarina sulfurized olefins and the sulfurized olefins thus produced. 

In aCther embodiment, the sulfurized olefins may be prepared by the reaction, under superat- 
so mole^sTof Sine compounds with a mixture of sulfur and hydrogen sulfide in the presence of 
Tea aly -"'by removal of low boiling materials. This procedure for j^^. 6 ^ 
Lnswhich are useful in the present invention is described in U.S. Patents 4,119,549, 4,119,550, 4,191 659, 
riSSm toe disclosures of which are hereby incorporated by reference for their description of the 

nrpnaration of useful sulfurized compositions, 
sa ' ^following example illustrates the preparation of organic polysomes (sutfunzed compositions). 
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h ch j S imed with an 

*Z5!l&- «, to a iacKeted. W^^^ic* * 6 

m\ an organic 

P0Ws*e. and- J- jJjU are p-f** acid. « JPj*^ t0 about 4%, or W» 

The borated overbaseo m corop0 und, sucn t , rom about osWo n. 

a.conols or P^.^col, "J S, are ^"^064, Vol 56). 

benzyl alcoho , ***** 9 J wcols an d 1 W , ReviwlS . PP- *» d me tal sate are 

65 tt boron r^"2** * ^LTdte amount d metal to the 

polymers and i 



Ich about 50% of g , rom at leasta^ 1Q0 carbon «w» 

raP T i^n**"'* *" ^ oo&Kc «^>£»2 mixtures 2? 

acids include 10 me y branched -cha.n ^ ^ W em v 

the to iwng U& ); and ^ents are nco* 

^ PalmerV ' ' S incorporated by '^ metho ds for mak.n ' *jS«^i80»»«^ Searylpen- 



50 



(Ri)a . A r.lC ( X)-XH) b 



55 



(XH) C a -, s a number 

in me range of zero 

6 



mhfir in the range of zero to 
P The Ri 9'0"P * ' ^ 80 carbon atoms o 1 <*" * ° ^i, 2,3.5-trimethylhep- 

Y Within this group « arom 

15 ^Nk. 



20 



fC\- lCOOH) t 

iR,). — K> -1 

10H) C 



25 



2 ' 1 ,n another embed.™*, ^ su „ onlc and ^ hatic cornpoonds. ^ 
«, suit nic acid. The «*« j£ or p.Wnu^ ^J^ng WjjJ-^ oxide, 

sulfonic acids include *° me most part by one , ene , «#nc ene. P alkoxy , 

acids may be ^ such -"^J* group such as *A fe an ^ 
(S03)b H. whetem T »J ^ h * 8 ^^i about 15 carbon atom » 

diphenylene sutt.de. ano P g total ot at lea es o1 r are a. y ^ unsau . 

« ixyaW. etc; <M * Vj leas t about 15 carbo^oms ^ sa e 
" JJ ocarbyl group «n ^ ot r, a, ^j«P» T, R, and* J above su ch as, for 

SSSKS - Ss^^^JKK - - Fofmu,ae ' a 

S also contain other halogen nitro, amino, nrtroso, sulfonic 

50 Tamp*, hydroxy, mercapto, halog ^"JSt benzene and 

50 and b are at least 1 . acids a re mono- > «« lty produced*** 3Q carbon 

A preferred group o» » torms . Illustrate oi sy (fom about 8 w , es o1 
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£p 0 WW v 

^ and alkaryisuKontc 

branched-chan » b pto ducts by „ 969 ). phosphorus 

deterg ent WW** article "Sulfonates * ^ K Sons>^ P as 

-its srsi- ■ -* ' „ , — M-trs-^ 5, - 4 

hyd, ° 9 „ the range from 1 » f "Viatic carbon atoms pro spe c«ication 
numbers m the rany about g all p formulae m *» P 

there is an average as e|s ^ere mo ^ § , or poW" 

stf suit's a-*-* - '* 

acetic acid, nitric acid, 

8 
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■at aithouah inorganic acidic 
. . h a very useful acidic acidic materials. 

•a* fitc Acetic acid is a very ordina rily employed as tne 

overbased *f"f 90 ^i6,905; 2,616.906; 3JJUJJ * can be overbase d. «£* the 

promoters, and acwc n and ^ acco. ^ 

overbased systems of this ^ remainde , o the jac 

disclosures. the acid ic mater.al is henolic promoter, M » P 

usually ranges from about 80 M- ing agent the temp ^ . & 

percentages are by we 

sodium hydroxide, 

impjej. 0 f b iend oil, 54 grams o n 

of sodium hydroxide is aw d „ 49 C . 10« » active conte nt) are 

temperature of the mixMe - ^ ^ ^ oll ^ M , (nurnber average MJn 

^rrtempti at hydroxide are - J^E , flash 

maintaining the tempo a(Jded ^ gra ms c-bw dioxide- ™ overba sed 

SOd t Sra o7 2 0, a sulfate ash content of 58. by 
weight, respectively, m 

had chain monoalkyl benzene sulfonic acid (Mw - 500). 
ST Jm. of o-xylene and 75* gra ^ ^ to ^87^ ^ M grams 0 , . ter are 

overbased "J^*! 14J. a sulfate ash content ^ 
9.3% by weight, a mei ^5 „, dl ,uent o 
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. rt - 12 V127-C for 2-3 hours. A riW 

The reaction mixture « Wtered 
and 4.35% boron. 

^ , h » parts (0.5 eo,ivalent) ol a V*>fi£E^ 

reaction mixture * JJ* ^ mMure is eooW*"^ and the mixture « Wow" » 
a water is ""J^^on is added to whe ,e the reaction ^'^^eaction 

S : temperature »• « P- J ^ '^0^ hydroxide 

at 1 scfh. The rw and 2 5 minuw* equiva lents) ol the aDOVe . increased 

,60 pans ol «•» » M man. „,„,,. so o * » i 

reaction mixture is vac contains 5 .84/ 



^ 7R4 eauivaients) is 

35 ExampM su , fonate (1000 parts, ^ ^ carbon ate 

a sodium --ss- s^ssi -tri^ mo,es) is 

mixed * ,, irll2 0 "l^ e °Hhemixture h removing 

everbased sod.um sutton Hy changin g the tempe ^ about , h0 ur w , 

„ then added s o^y ^ u ^ heated to °0j^ ^ fe ^ ^ ^ 
The reaction mojuje ^ ^ 0 , he oa ^ ^ removing ^ 

substantially all rt*e J s heated to 150 C for aoo . g removet) and ve y ^ 

teaming. Tbe P««W"JJJ temperature, substantially * of n ^ another hour at 50 ^ 

oil. 

described boron compounds. 
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« dispersals. W ^ n,ch 
. c ( ri carboxylic ester dispe 
rtwi substituted amines, <0 describe d 

to aboul 4500, or from about 10 med -, n U.S. P alBn bove 

i»* 15 t0 C- c vU 9 agents are descnb ^ ^ ^ a 

substituted cartWj? y p(epa(ed by «a succinlC acyW , 

™ « The amines may be mo 4 10 Col 27, carbon 

dispersants. The 435 at Col. from , to abou 

0* ef uS6,U lTa divalent aKyVene or one; a* R • w nam e SUW*» 

NH2 , herein B » « about one to about ... available " ^ etheramines are 

Mixtures ot . Q , ^ type are mWure 0 C« anlines and me 

may be a cyclic 



EP 0 646 639 A1 



H 2 N-R'-OH, ch R . is independently a hydrocarbyl group of one 

HR'i -N-R'-OH. and ^"^^^^ having from two to about eight carbon atoms, 

; to about eight carbon atoms or group of about two to about 18 carbon 

preferably from one to about four, andl s a dwalent by ^ ^ ^ nydroxyhydrocarby , 
atoms, preferably two to about tour. The group R OH I . is Qf branched 

group. R' can be an acyclic, alicycl.c or aromrtc pMJ ; 2 . octadecy , e ne, etc. group. Where two 
Zlene group such as an ethylene, a direct carbon-to-carbon bond or 

,o R', oroups are present in the same molecule they can oe j y ring structure. 

'° 17 heteroatom (e.g., oxygen, nitrogen or •JJ^T^ 6 alkyl) . mor p h o,ines, -thiomorpholines, 
Examples of such heterocyclic armnes .nclude NJydroxv Ho JVT ^ R , js jndepend tly . 
-piperidines, -oxazolidines, -th.a20W.nes and th e hta^Ty c y^ mjnes jnclude mono , d ,. end 

methyl, ethyl, propyl, butyl, pentyl or ^J^; etc. 

„ triethanolamine, diethylethano.arn.ne. ^^^^ vdt0 c^^m M . These are hydroxypoly- 
The hydroxyamines can also be an ether * l hese analogs also include hydroxyl- 

(hydrocarbyloxy) analogs of the abo ^^SZS^ « be conveniently 5 
ubsftuted oxyalkylene analogs). ^^-^^^Vpresented by the formulae: ^-(R^-H 
reaction of epoxides with ^f^J^T^Z ?, number from about 2 to about 15 and R, and 
20 HR ., -n-^-H, and Jd'ox po y (hydrocarby.oxy) group. 

R' are as described above, ff, may also be a JJJJJJJ^, amine wn ich contains at least one NH 

In another embodiment, the amine ,s a ^^^J^f^ 
group Useful hydroxyhydrocarbyl amine may be represented by 



/(R 8 0) z h\ (R 8 0) z H 



' herein R 7 is a hydrocarbyl ^^^^ 

alky.ene group having from about ^^^f^bon atoms; y is zero or one; and each z .s 

group; Rs is an alkylene group contain.ng up to labout 5ca ? h ^ 

Independently a number from zero to about 10. w,th the pr v^o ^ ^ 2 . hydr0)(yethy , hex . 

example, 2-hydroxyethoxyethyl, hexytamme. ^ , where referring to the above 

«, in one embodiment, the am.ne may be J Akz0 Cher n ica , D iv.s,on of 

formula, y equals zero. These ^ 0 ^ZTu^ZZZ "Ethomeen" and "Propomeen". Specfc 
Akzona, inc., Chicago, Illinois, under the general Jade desgnat rf a 

examples 0. such products include: ^^^^ C /20 and C/25 which are ethylene ox.de 
fatty acid containing about 5 moles of e^lene and 15 moles 0 » ethylene ox.de, 
« 5 condensation products from c — M ^ M ^s*i product of oleyl amine conta-mng 
respectively; Ethomeen 0/12 wh.ch » " "^J*^^ s/15 and S/20 which are ethylene ox.de 
about 2 mo.es of ethylene ox.de per mol .0. am.ne , Etho ^ ^ 0 

condensation products with steary. am.ne conta-n. g abort 5 ^ conde(isatjon prod cts of 

amine, respectively; Ethomeen T/i 2 T/1 5 and T/2 wh.ch y ^ ^ ^ d 
50 Z^XSl tX^rX of L mo,e of o.ey, amine with 2 moles propylene 

"J. acylated nitrogen disperse, may be^m * ^ 0 ^^ 
y ,ated diamines, fatty polyamine diam ,nes afcyle ^'^^ available examples 0. alkylated 
65 famines arylpo.yamines, and J*^^^ * one. Examples 0. these amines include 
diamines include those am,ne where y m the above 10 condensation products of N-tal- 

Ethoduomeen T/13 and J *J* - JJJn. oxide per mole 0. diamine, respectively, 
lowtrimethylenediamine containing 3 and 10 moies y 



12 
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In another embodiment, the polyamine is a fatty diamine. The fatty diamines include mono- or dialkyl, 
symmetrical or asymmetrical ethylene diamines, propane diamines (1 ,2, or 1 ,3), and polyamine analogs of 
the above. Suitable commercial fatty polyamines are Duomeen C (N-coco-1,3-diaminopropane), Duomeen S 
(N-soya-1,3-diaminopropane), Duomeen T(N-tallow-1 ,3-diaminopropane), and Duomeen 0 (N-oleyl-1 ,3-dia- 
minopropane). "Duomeens" are commercially available from Armak Chemical Co., Chicago, Illinois. 

Alkylene polyamines are represented by the formula 
HR 10 N-(Alkylene-N) n -(R, 0 )2, wherein n has an average value from 1 to about 10, or from about 2 to about 7, 
or from about 2 to about 5, and the -Alkylene" group has from 1 to about 10 carbon atoms, or from about 2 
to about 6, or from about 2 to about 4. In one embodiment, each Rio is independently hydrogen; or an 
aliphatic or hydroxy-substituted aliphatic group of up to about 30 carbon atoms. In another embodiment, 

R 10 is defined the same as R'i above. 

Such alkylenepolyamines include methylenepolyamines, ethylenepolyamines, butylenepolyamines, pro- 
pylenepolyamines, pentylenepolyamines, etc. The higher homologs and related heterocyclic amines such 
as piperazines and N-amino alkyl-substituted piperazines are also included. Specific examples of such 
polyamines are ethylenediamine, triethyienetetramine, tris-(2-aminoethyi)amine, propylenediamine, 
trimethylenediamine, tripropylenetetramine, tetraethylenepentamine, hexaethyleneheptamine, pen- 
taethylenehexamine, etc. 

Higher homologs obtained by condensing two or more of the above-noted alkyleneamines are similarly 
useful as are mixtures of two or more of the aforedescribed polyamines. 

In one embodiment the polyamine is an ethylenepolyamine. Such polyamines are described in detail 
under the heading Ethylene Amines in Kirk Othmer's "Encyclopedia of Chemical Technology", 2d Edition, 
Vol. 7, pages 22-37, Interscience Publishers, New York (I965). Ethylenepolyamines are often a complex 
mixture of polyalkylenepolyamines including cyclic condensation products. 

Other useful types of polyamine mixtures are those resulting from stripping of the above-described 
polyamine mixtures to leave, as residue, what is often termed "polyamine bottoms". In general, al- 
kylenepolyamine bottoms can be characterized as having less than 2%, usually less than 1% (by weight) 
material boiling below about 200 'C. A typical sample of such ethylene polyamine bottoms obtained from 
the Dow Chemical Company of Freeport, Texas designated "E-100" has a specific gravity at 15.6 'C of 
1.0168, a percent nitrogen by weight of 33.15 and a viscosity at 40 'C of 121 centistokes. Gas chromatog- 
raphy analysis of such a sample contains about 0.93% "Light Ends" (most probably DETA), 0.72% TETA, 
21.74% tetraethylenepentaamine and 76.61% pentaethylenehexamine and higher (by weight). These 
alkylenepolyamine bottoms include cyclic condensation products such as piperazine and higher analogs of 
diethylenetriamine, triethyienetetramine and the like. 

These alkylenepolyamine bottoms can be reacted solely with the acylating agent or they can be used 
with other amines, polyamines, or mixtures thereof. 

Another useful polyamine is a condensation reaction between at least one hydroxy compound with at 
least one polyamine reactant containing at least one primary or secondary amino group. The hydroxy 
compounds are preferably polyhydric alcohols and amines. The polyhydric alcohols are described below. 
(See carboxylic ester dispersants.) In one embodiment, the hydroxy compounds are polyhydric amines. 
Polyhydric amines include any of the above-described monoamines reacted with an alkylene oxide (e.g., 
ethylene oxide, propylene oxide, butylene oxide, etc.) having from two to about 20 carbon atoms, or from 
two to about four. Examples of polyhydric amines include tri-(hydroxypropyl)amine, tris(hydroxymethyl)- 
amino methane, 2-amino-2-methyl-1,3-propanediol, N,N,N , ,N , -tetrakis(2-hydroxypropyl)ethylenediamine, and 
N t N,N',N'-tetrakis(2-hydroxyethyl)ethylenediamine, preferably tris(hydroxymethyl)aminomethane (THAM). 

Polyamines which react with the polyhydric alcohol or amine to form the condensation products or 
condensed amines, are described above. Preferred polyamines include triethyienetetramine (TETA), 
tetraethylenepentamine (TEPA), pentaethylenehexamine (PEHA), and mixtures of polyamines such as the 
above-described "amine bottoms". 

The condensation reaction of the polyamine reactant with the hydroxy compound is conducted at an 
elevated temperature, usually from about 60 "C to about 265 "C, or from about 220 *C to about 250 -C in 

the presence of an acid catalyst. 

The amine condensates and methods of making the same are described in PCT publication 
WO86/05501 which is incorporated by reference for its disclosure to the condensates and methods of 
making. The preparation of such polyamine condensates may occur as follows: A 4-necked 3-liter round- 
bottomed flask equipped with glass stirrer, thermowell, subsurface N 2 inlet, Dean-Stark trap, and Friedrich 
condenser is charged with: 1299 grams of HPA Taft Amines (amine bottoms available commercially from 
Union Carbide Co. with typically 34.1% by weight nitrogen and a nitrogen distribution of 12.3% by weight 
primary amine, 14.4% by weight secondary amine and 7.4% by weight tertiary amine), and 727 grams of 
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40% aqueous tris(hydroxymethyl)aminornethane (THAM). This mixture is heated to 60 -C and I 23 grams of 
J£ S pSis added. The mixture is then heated to 120'C over 0.6 ^-gS: 
then heated to 150-C over 1.25 hour, then to 235-C over 1 hour more, then held at 230-235 C for 5 hours, 
then held to 240 -C over 0.75 hour, and then held at 240-245 -C for 5 hours. The product ,s cooled to 
1 50 • C and filtered with a diatomaceous earth filter aid. Yield: 84% (1 221 grams). 

,n one embodiment, the polyamines are polyoxyalkylene polyamines, e.g., P^^V^ 
and polyoxyalkylene triamines. having average molecular weights ranging from about 200 to about 4000 
a d TZ about 400 to about 2000. The preferred polyoxyalkylene famines include the polyox- 
vethlne and polyoxypropylene diamines and the polyoxypropylene triamines. The polyoxyalkylene 
oo vam nes a ^ comnwciily available an may be obtained, for example, from the Jefferson Chemical 
XZ Inc undeTe trade name "Jeffamines D-230, D-400, D-1000, D-2000, T-403. etc.". U.S. Patents 
WW and 3 948,800 are expressly incorporated herein by reference for their disclosure of such 
Dolvoxvalkylene polyamines and acylated products made therefrom. 

In a other embodiment, the polyamines are hydroxy-containing polyam.nes. Hydroxy-contammg 
oolvamine analoqs of hydroxy monoamines, particularly alkoxylated alkylenepolyamines, e.g., N.N- 
SS£ diamines « also be used. Such polyamines can be made by reacting the above- 
d scr bed a kylene amines with one or more of the above-described alkylene oxides. Similar alkylene ox,de- 
aSTami e Lotion products may also be used such as the products made by reacting the above 
descld Primary, secondary or tertiary a.kanol amines with ethylene, propylene or h.gher epoxides ma 
11 to 12 molarratio. Reactant ratios and temperatures for carrying out such reactions are known to those 
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Specific examples of alkoxylated alkylenepolyamines include N-(2-hydroxyethyl) ethylenediamine, N,N - 
bis(2 hyd^yethyjethylene-diamine. 1 -(2-hydroxyethy.)piperazine, mono(hydn^prowlh8u»^ 
SleZlenepentemine N-(3-hydroxybutyl)-tetramethylene diamine, etc. Higher homologs obtained by con- 
de sSo he above .lustrald h droxy-containing po.yamines through amino groups or through hydroxy 
arouo are likewise useful. Condensation through amino groups results in a higher amine accompanied by 
moval of ammonia while condensation through the hydroxy groups results in products c«g eth* 
IITis accompanied by removal of water. Mixtures of two or more of any of the above described 

P *ttZ££l. the amine is a heterocyclic polyamine. The heterocyclic P*«£^ 
aziridines azetidines, azolidines, tetra- and dihydropyridines, pyrroles, indoles, p.pendines imidazoles, di- 
imidazoles, piperazines. isoindo.es, purines, morpholines, thiomorpholines, N-ammoaikylmor- 
pholi^s ^ N aminoa.kylthiomorpholines, N-aminoalkylpiperazines. N,N--diaminoalky,p,peraz.nes, azepines 
azodnes azonines, azecines and tetra, di- and perhydro derivatives of each of the above and mixtures of 
So or moTe of these heterocyclic amines. Preferred heterocyclic amines are the saturated 5- and 6- 
membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur in the hetero ring, espec.a ly 
Undines, piperazines, thiomorpholines, morpho.ines, pyrrolidines, and the like. Piperidine ammoalky. 
subSed pipelines, pipeline, aminoalkyl substituted piperazines. morpholine, am.noalkyl sub ,tu ed 
IrpSes pyrrolidine and aminoalkyl-substituted pyrrolidines, are especially preferred. Usual.y the 
I noatrsuLuents are substituted on a nitrogen atom forming part of the hetero ring. Spec, c 
examples of such heterocyclic amines include N-aminopropylmorpholine, N-ammoethylpiperazme, and 
N N'-diaminoethylpiperazine. Hydroxy heterocyclic polyamines are also useful. Examples include N-(2- 
^xylyTcyclohexylamine, 3-hydroxycyc.opentylamine. parahydroxyani.ine, N-hydroxyethylp,peraz,ne. 



and the like. 
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Hyd azine and hydrocarbyl substituted-hydrazine can also be used to form the acylated nftogen 
disoersants At least one of the nitrogen atoms in the hydrazine must contam a hydrogen directly bonded 
SZTpWrcSTther. are at lea* two hydrogens bonded directly to hydrazine nitrogen and, more 
preferably tm hydrogens are on the same nitrogen. Specific examples of substituted hydrates are 
mly MrSne. N.N-dimethyl-hydrazine, N.N^dimemylhydrazine. phenylhydrazine, N-phenyl-N -ethyl- 
hX^. N-(para-toly.)-NMn-butyl)-h 

yl-hydrazine, N,N'-di(para-chlorophenol)-hydrazine, N-phenyl-N'-cyclohexylhydrazine, and the to*. 

Acylated nitrogen dispersants and methods for preparing the same are described in U S. Patents 
3 219 666- 4234 435; 4.952.328; 4,938.881; 4.957,649; and 4,904,401. The disclosures of acylated nitrogen 
dispersants and other dispersants contained in those patents is hereby incorporated by reference. 

Th? berated dispersant may also be derived from hydrocarbyl-substituted amines These ydrocarby- 
substituted amines are well known to those skilled in the art. These amines are disclosed .n U.S. patents 
3 275 554- 3 438,757; 3,454,555; 3,565,804; 3,755,433; and 3.822,289. These patents are hereby incor- 
porated by reference for their disclosure of hydrocarbyl amines and methods of making the same. 



14 



EP 0 646 639 A1 



Typically, hydrocarbyl substituted amines are prepared by reacting olefins and olefin polymers 
(polyalkenes) with amines (mono- or polyamines). The polyalkene may be any of the polyalkenes described 
above. The amines may be any of the amines described above. Examples of hydrocarbyl substituted 
amines include poly(propylene)amine; N,N-dimethyl-N-poly(ethylene/propylene)amine, (50:50 mole ratio of 
monomers); polybutene amine; N,N-di(hydroxyethyl)-N-polybutene amine; N-(2-hydroxypropyl)-N-poly- 
butene amine; N-polybuteneaniline; N-polybutenemorpholine; N-poly(butene)ethylenediamine; N-poly- 
(propylene)trimethylenediamine; N-po1y(butene)diethylenetriamine; N\N'-poly(butene)- 

tetraethylenepentamine; N.N-dimethyl-N'-polytpropyleneJ-I.S-propylenediamine and the like. 

In another embodiment, the borated dispersant may also be derived from a carboxylic ester dispersant. 
The carboxylic ester dispersant is prepared by reacting at least one of the above hydrocarbyl-substituted 
carboxylic acylating agents with at least one organic hydroxy compound and optionally an amine. In another 
embodiment, the carboxylic ester dispersant is prepared by reacting the acylating agent with at least one of 
the above-described hydroxyamine. 

The organic hydroxy compound includes compounds of the general formula R"(OH) m wherein FT is a 
monovalent or polyvalent organic group joined to the -OH groups through a carbon bond, and m is an 
integer of from 1 to about 10 wherein the hydrocarbyl group contains at least about 8 aliphatic carbon 
atoms. The hydroxy compounds may be aliphatic compounds, such as monohydric and polyhydric 
alcohols, or aromatic compounds, such as phenols and naphthols. The aromatic hydroxy compounds from 
which the esters may be derived are illustrated by the following specific examples: phenol, beta-naphthol, 
alpha-naphthol, cresol, resorcinol, catechol, p.p'-dihydroxybiphenyl, 2-chlorophenol, 2,4-dibutylphenol, etc. 

The alcohols from which the esters may be derived generally contain up to about 40 aliphatic carbon 
atoms, or from 2 to about 30, or from 2 to about 10. They may be monohydric alcohols such as methanol, 
ethanol, isooctanol, dodecanol, cyclohexanol, etc. In one embodiment, the hydroxy compounds are 
polyhydric alcohols, such as alkylene polyols. Preferably, the polyhydric alcohols contain from 2 to about 40 
carbon atoms, from 2 to about 20; and or from 2 to about 10 hydroxy! groups, or from 2 to about 6. 
Polyhydric alcohols include ethylene glycols, including di-, tri- and tetraethylene glycols; propylene glycols, 
including di-, tri- and tetrapropylene glycols; glycerol; butane diol; hexane diol] sorbitol; arabitol; mannitol; 
sucrose; fructose; glucose; cyclohexane diol; erythritol; and pentaerythritols, including di- and tripentaeryth- 
ritol; preferably, diethylene glycol, Methylene glycol, glycerol, sorbitol, pentaerythritol and dipentaerythritol. 

The polyhydric alcohols may be esterified with monocarboxylic acids having from 2 to about 30 carbon 
atoms, or from about 8 to about 18, provided that at least one hydroxyl group remains unesterified. 
Examples of monocarboxylic acids include acetic, propionic, butyric and fatty carboxylic acids. The fatty 
monocarboxylic acids have from about 8 to about 30 carbon atoms and include octanoic, oleic, stearic, 
linoleic, dodecanoic and tall oil acids. Specific examples of these esterified polyhydric alcohols include 
sorbitol oleate, including mono- and dioleate, sorbitol stearate, including mono- and distearate, glycerol 
oleate, including glycerol mono-, di- and trioleate and erythritol octanoate. 

The carboxylic ester dispersants may be prepared by any of several known methods. The method 
which is preferred because of convenience and the superior properties of the esters it produces, involves 
the reaction of the carboxylic acylating agents described above with one or more alcohols or phenols in 
ratios of from about 0.5 equivalent to about 4 equivalents of hydroxy compound per equivalent of acylating 
agent. The esterification is usually carried out at a temperature above about 100' C, or between 150*C and 
300 *C. The water formed as a by-product is removed by distillation as the esterification proceeds. The 
preparation of useful carboxylic ester dispersant is described in U.S. Patents 3,522,179 and 4,234,435, and 
their disclosures are incorporated by reference. 

The carboxylic ester dispersants may be further reacted with at least one of the above described 
amines and preferably at least one of the above described polyamines. The amine is added in an amount 
sufficient to neutralize any nonesterified carboxyl groups. In one embodiment, the nitrogen-containing 
carboxylic ester dispersants are prepared by reacting about 1.0 to 2.0 equivalents, preferably about 1.0 to 
1.8 equivalents of hydroxy compounds, and up to about 0.3 equivalent, or about 0.02 to about 0.25 
equivalent of polyamine per equivalent of acylating agent. 

In another embodiment, the carboxylic acid acylating agent may be reacted simultaneously with both 
the alcohol and the amine. There is generally at least about 0.01 equivalent of the alcohol and at least 0.01 
equivalent of the amine although the total amount of equivalents of the combination should be at least about 
0.5 equivalent per equivalent of acylating agent. These nitrogen-containing carboxylic ester dispersant 
compositions are known in the art, and the preparation of a number of these derivatives is described in, for 
example, U.S. Patents 3,957,854 and 4,234,435 which have been incorporated by reference previously. 

In another embodiment, the borated dispersant may also be derived from a Mannich dispersant. 
Mannich dispersants are generally formed by the reaction of at least one aldehyde, at least one of the 
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t0 formaldehyde to amine is in the »"» includeS P hen0,S < WhiCh 

5 The first reagent is an alkyl substtute ^^SlS-SLu and the like as well as phenols 
are preferred), carbon-, oxygen-, sulfur- ^^SSimA hydroxy compounds derived from 
directly linked through covalen. bonds e.^ 4.4 -b. Jydr o sucn as catechol, 

ss assess r oririyC— ^ ^ be US ed as ^ « 

'° rea9 ; n l hydroxyaromafic compounds are those substituted with at least one^and 

two, aliphatic or alicyclic groups having at least ™*J^*™™„„ t0 about 200. These 
carbon atoms and up JSn oS^ hydroxy aromatic 

1S SSTLT r r a r P ^ te yc«c hydrocarbon-based group having an Mn of 

n™Zns a hydrocarbon-based a"*^ 

a,dehydes include formaldehyde, benzaldehyde, aceUlde yde the JJJJJ^J ^ ons J the 
and heptanals, as well as aWehyde precursors ^7^ M J£^^ and its precursors 
20 reaction such as paraformaldehyde, paraldehyde , torrnahn and the sec ond reagent. 

25 dispersants). 

Phosphorus E xggmeJPr essure Agent 

30 antiwear or extreme pressure agent selected from the group ° P 

hereof, a lower alky, phosphite, a P^^^^^oreSerne pressure agent is 
mixtures thereof. In this embodiment, the ^^ s ^^^ZZXo^ to the .ubricants 
present in an amount sufficient to impart antiwear, ~ agent is present in an 

and functional fluids. Generally, each ^^^J l ^^ZlZo^L^^ 

35 amount from about 0.5% to about 4%, or from d>o *^^ 8 J£T1 phosphoric, phosphonic. 

XSc M^fi^* as we " 38 the monothiophosp horic 

. ester prepared by reacting one or ^ •^fSS lSS!l5» The phosphorus acid or 
to about 30. or from two to about 24, or from aboul 13 to abou . phosphorus 
anhydride is generally an inorgamc phosphorus ^^^8 hafide. lower phosphorus 
trioxide, phosphorus tetroxide, phosphorous acd, phosphoric am pn p hosphorus acid 

Ls, or a phosphorus sulfide. « acid ester 

« esters generally contain from 1 to about 7 carbon atoms in «*^Jg* > th ; phosph0 rus acid 
may be a mono-, di- or trihydrocarby. phosphonc acid ester. top P ^ ^ 

esters include butyl, amyl. 2-ethy.hexy. hex* "^^J^^^O^pMrni 
S"t0^ 25 SiSraScJL- alcoho, including « 

where the hydrocarbyl groups are ,„ JJ^S^f J embodiment, the hydrocarby, group of 
a salt of a phosphoric acd ester as described beiow n ^ Jo aboot 

pressure agent. 



16 



EP 0 646 639 A1 

Examples of useful phosphorus acid esters include the phosphoric acid esters prepared by reacting a 
phosphoric acid or anhydride with cresol. An example of these phosphorus acid esters is tricresyl- 
phosphate. 

In another embodiment, the phosphorus antiwear or extreme pressure agent is a thiophosphorus acid 
5 ester or salt thereof. The thiophosphorus acid esters may be prepared by reacting phosphorus sulfides, 
such as those described above, with alcohols, such as those described above. The thiophosphorus acid 
esters may be mono- or dithiophosphorus acid esters. Thiophosphorus acid esters are also referred to 
generally as dialkyl thiophosphoric acids. 

In one embodiment, the phosphorus acid ester is a monothiophosphoric acid ester or a mon- 
w othiophosphate. Monothiophosphates may be prepared by the reaction of a sulfur source with a dihydrocar- 
byl phosphite. The sulfur source may for instance be elemental sulfur. The sulfur source may also be a 
sulfide, such as a sulfur coupled olefin or a sulfur coupled dithiophosphate. Elemental sulfur is a preferred 
sulfur source. The preparation of monothiophosphates is disclosed in U.S. Patent 4,755,311 and PCT 
Publication WO 87/07638, which are incorporated herein by reference for their disclosure of mon- 
75 othiophosphates, sulfur sources, and the process for making monothiophosphates. Monothiophosphates 
may also be formed in the lubricant blend by adding a dihydrocarbyl phosphite to a lubricating composition 
containing a sulfur source, such as a sulfurized olefin. The phosphite may react with the sulfur source under 
blending conditions (i.e., temperatures from about 30 *C. to about 100'C. or higher) to form the mon- 
othiophosphate. 

20 In another embodiment, the phosphorus antiwear or extreme pressure agent is a dithiophosphoric acid 
or phosphorodithioic acid. The dithiophosphoric acid may be represented by the formula (RnO) 2 PSSH 
wherein each Ri 1 is independently a hydrocarbyl group containing from about 3 to about 30, preferably 
from about 3 up to about 18, or from about 3 up to about 12, or from up to about 8 carbon atoms. Examples 
Rt i include isopropyl, isobutyl, n-butyl, sec-butyl, the various amy!, n-hexyl, methylisobutyl carbinyl, heptyl, 

25 2-ethylhexyl, isooctyl, nonyl, behenyl, decyl, dodecyl, and tridecyl groups. Illustrative lower alkylphenyl Ri 1 
groups include butylphenyl, amylphenyl, heptylphenyl, etc. Examples of mixtures of Rn groups include: 1* 
butyl and 1-octyl; 1-pentyl and 2-ethyl-1-hexyl; isobutyl and n-hexyl; isobutyl and isoamyl; 2-propyl arid 2- 
methyl-4-pentyl; isopropyl and sec-butyl; and isopropyl and isooctyl. 

In one embodiment, the dithiophosphoric acid may be reacted with an epoxide or a polyhydric alcohol, 

30 such as glycerol. This reaction product may be used alone, or further reacted with a phosphorus acid, 
anhydride, or lower ester. The epoxide is generally an aliphatic epoxide or a styrene oxide. Examples of 
useful epoxides include ethylene oxide, propylene oxide, butene oxide, octene oxide, dodecene oxide, 
styrene oxide, etc. Ethylene oxide and propylene oxide are preferred. The polyhydric alcohols are 
described above. The glycols may be aliphatic glycols having from 1 to about 12, or from about 2 to about 

35 6, or from 2 or 3 carbon atoms. Glycols include ethylene glycol, propylene glycol, and the like. The 
dithiophosphoric acids, glycols, epoxides, inorganic phosphorus reagents and methods of reacting the same 
are described in U.S. patent 3,197,405 and U.S. patent 3,544,465 which are incorporated herein by 
reference for their disclosure to these. 

The following Examples P-1 and P-2 exemplify the preparation of useful phosphorus acid esters. 

40 

Example P-1 

Phosphorus pentoxide (64 grams) is added at 58 *C over a period of 45 minutes to 514 grams of 
hydroxy propyl 0,0-di(4-methyl-2pentyl)phosphorodithioate (prepared by reacting di(4-methyl-2pentyl)- 
45 phosphorodithioic acid with 1 .3 moles of propylene oxide at 25 ' C). The mixture is heated at 75 4 C for 2.5 
hours, mixed with a diatomaceous earth and filtered at 70 ■ C to obtain the desired product. The product has 
by analysis 1 1 .8% by weight phosphorus, 1 5.2% by weight sulfur, and an acid number of 87 (bromophenoi 
blue). 

so Example P-2 

A mixture of 667 grams of phosphorus pentoxide and the reaction product of 3514 grams of diisopropyl 
phosphorodithioic acid with 986 grams of propylene oxide at 50 ' C is heated at 85 ' C for 3 hours and 
filtered. The filtrate has by analysis 15.3% by weight phosphorus, 19.6% by weight sulfur, and an acid 
55 number of 126 (bromophenoi blue). 

Acidic phosphoric acid esters may be reacted with an amine compound or a metallic base to form an 
amine or a metal salt. The amines are described above. In one embodiment, the amines are tertiary 
monoamines. Tertiary monoamines include trimethylamine, tributylamine, methyldiethylamine, ethyl- 
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dibutylamine, etc. In another embodiment, the amine is one or more of the above described tertiary 
aliphatic primary amines. The salts may be formed separately and then the salt of the phosphorus acid 
ester may be added to the lubricating composition. Alternatively, the salts may also be formed in situ when 
the acidic phosphorus acid ester is blended with other components to form a fully formulated lubricating 
5 composition. 

The metal salts of the phosphorus acid esters are prepared by the reaction of a metal base with the 
phosphorus acid ester. The metal base may be any metal compound capable of forming a metal salt. 
Examples of metal bases include metal oxides, hydroxides, carbonates, sulfates, borates, or the like. The 
metals of the metal base include Group IA, IIA, IB through VIIB, and VIII metals (CAS version of the Periodic 

w Table of the Elements). These metals include the alkali metals, alkaline earth metals and transition metals. 
In one embodiment, the metal is a Group IIA metal, such as calcium or magnesium, Group IIB metal, such 
as zinc, or a Group VIIB metal, such as manganese. Preferably, the metal is magnesium, calcium, 
manganese or zinc. Examples of metal compounds which may be reacted with the phosphorus acid include 
zinc hydroxide, zinc oxide, copper hydroxide, copper oxide, etc. 

75 In one embodiment, phosphorus containing antiwear or extreme pressure agent is a metal 
thiophosphate, preferably a metal dithiophosphate. The metal thiophosphate is prepared by means known to 
those in the art, and may be prepared from one or more of the above thiophosphoric acids. Examples of 
metal dithiophosphates include zinc isopropyl methylamyl dithiophosphate, zinc isopropyl isooctyl 
dithiophosphate, barium di(nonyl) dithiophosphate, zinc di(cyclohexyl) dithiophosphate, zinc di(isobutyl) 

20 dithiophosphate, calcium di(hexyl) dithiophosphate, zinc isobutyl isoamyl dithiophosphate, and zinc 
isopropyl secondary-butyl dithiophosphate. 

The following Examples P-3 to P-6 exemplify the preparation of useful phosphorus acid ester salts. 

Example P-3 

25 

A reaction vessel is charged with 217 grams of the filtrate from Example P-1. A commercial aliphatic 
primary amine (66 grams), having an average molecular weight of 191 in which the aliphatic radical is a 
mixture of tertiary alkyl radicals containing from 11 to 14 carbon atom, is added over a period of 20 minutes 
at 25-60 *C. The resulting product has by analysis a phosphorus content of 10.2% by weight, a nitrogen 
30 content of 1 .5% by weight, and an acid number of 26.3. 

Example P-4 

The filtrate of Example P-2 (1752 grams) is mixed at 25-82 'C with 764 grams of the aliphatic primary 
35 amine used in of Example P-3. The resulting product has by analysis 9.95% phosphorus, 2.72% nitrogen, 
and 12.6% sulfur. 

Example P-5 

40 Phosphorus pentoxide (852 grams) is added to 2340 grams of iso-octyl alcohol over a period of 3 
hours. The temperature increases from room temperature but is maintained below 65 *C. After the addition 
is complete the reaction mixture is heated to 90 "C and the temperature is maintained for 3 hours. 
Diatomaceous earth is added to the mixture, and the mixture is filtered. The filtrate has by analysis 12.4% 
phosphorus, a 192 acid neutralization number (bromophenol blue) and a 290 acid neutralization number 

45 (phenolphthalein). 

The above filtrate is mixed with 200 grams of toluene, 130 grams of mineral oil, 1 gram of acetic acid, 
10 grams of water and 45 grams of zinc oxide. The mixture is heated to 60-70 'C under a pressure of 30 
mm Hg. The resulting product mixture is filtered using a diatomaceous earth. The filtrate has 8.58% zinc 
and 7.03% phosphorus. 

50 

Example P-6 

Phosphorus pentoxide (208 grams) is added to the product prepared by reacting 280 grams of 
propylene oxide with 1184 grams of O.O'-di-isobutylphosphorodithioic acid at 30-60 The addition is 
55 made at a temperature of 50-60 'C and the resulting mixture is then heated to 80 *C and held at that 
temperature for 2 hours. The commercial aliphatic primary amine identified in Example P-3 (384 grams) is 
added to the mixture, while the temperature is maintained in the range of 30-60 *C. The reaction mixture is 
filtered through diatomaceous earth. The filtrate has 9.31% phosphorus, 11.37% sulfur, 2.50% nitrogen, and 
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a base number of 6.9 (bromophenol blue indicator). 

In another embodiment, the phosphorus antiwear or extreme pressure agent is a metal salt of (a) at 
least one dithiophosphoric acid and (b) at least one aliphatic or alicyclic carboxylic acid The 
dithiophosphoric acids are described above. The carboxylic acid may be a monocarboxylic or polycarbox- 
ylic acid, usually containing from 1 to about 3, or just one carboxylic acid group. The preferred carboxylic 
acids are those having the formula Ri 2 COOH, wherein R 12 is an aliphatic or alicyclic hydrocarbyl group 
preferably free from acetylenic unsaturate. R, 2 generally contains from about 2, or from about 4 carbon 
atoms. R 12 generally contains up to about 40, or up to about 24, or to up about 12 carbon atoms. In one 
embodiment, R 12 contains from 4, or from about 6 up to about 12, or up to about 8 carbon atoms In one 
embodiment, Ri 2 is an alkyl group. Suitable acids include the butanoic, pentanoic, hexanoic, octanoic 
nonanoic, decanoic, dodecanoic, octodecanoic and eicosanoic acids, as well as olefinic acids such as oleic' 
linoleic, and linolenic acids and linoleic acid dimer. A preferred carboxylic acid is 2-ethylhexanoic acid. 

The metal salts may be prepared by merely blending a metal salt of a dithiophoshoric acid with a metal 
salt of a carboxylic acid in the desired ratio. The ratio of equivalents of dithiophosphoric acid to carboxylic 
acid is from about 0.5 up to about 400 to 1. The ratio may be from 0.5 up to about 200, or to about 100, or 
to about 50, or to about 20 to 1. In one embodiment, the ratio is from 0.5 up to about 4.5 to one, or from 
about 2.5 up to about 4.25 to one. For this purpose, the equivalent weight of a dithiophosphoric acid is its 
molecular weight divided by the number of -PSSH groups therein, and the equivalent weight of a carboxylic 
acid is its molecular weight divided by the number of carboxy groups therein. 

A second and preferred method for preparing the metal salts useful in this invention is to prepare a 
mixture of the acids in the desired ratio, such as those described above for the metal salts of the individual 
metal salts, and to react the acid mixture with one of the above described metal compounds. When this 
method of preparation is used, it is frequently possible to prepare a salt containing an excess of metal with 
respect to the number of equivalents of acid present; thus the metal salts may contain as many as 2 
equivalents and especially up to about 1.5 equivalents of metal per equivalent of acid may be prepared 
The equivalent of a metal for this purpose is its atomic weight divided by its valence. The temperature at 
which the metal salts are prepared is generally between about 30 -C and about 150-C, preferably up to 
about 125-C. U.S. Patents 4,308,154 and 4,417,990 describe procedures for preparing these metal salts 
and disclose a number of examples of such metal salts. These patents are hereby incorporated by 
reference for those disclosures. 

In another embodiment, the phosphorus containing antiwear or extreme pressure agent is a lower alkyl 
phosphite. The phosphite may be a di- or trihydrocarbyl phosphite. Generally, each alkyl group indepen- 
dently has from 1 to about 7, or from two to about 6, or from about 2 to about 5 carbon atoms. Examples of 
specific hydrocarbyl groups include propyl, butyl, hexyl, and heptyl. Phosphites and their preparation are 
known and many phosphites are available commercially. Particularly useful phosphite is dibutyl phosphite. 

In one embodiment, the phosphorus containing antiwear or extreme pressure agent is a phosphorus 
containing amide. The phosphorus containing amides are prepared by the reaction of one of the above 
described phosphorus acids, preferably a dithiophosphoric acid, with an unsaturated amide Examples of 
unsaturated amides include acrylamide, N.N'-methylene bis(acrylamide), methacrylamide, crotonamide and 
the like. The reaction product of the phosphorus acid and the unsaturated amide may be further reacted 
with a linking or a coupling compound, such as formaldehyde or paraformaldehyde. The phosphorus 
containing amides are known in the art and are disclosed in U.S. Patents 4,670,169, 4,770,807 and 
4,876,374 which are incorporated by reference for their disclosures of phosphorus amides and' their 
preparation. 

In one embodiment, the phosphorus antiwear or extreme pressure agent is a phosphorus containing 
carboxylic ester. The phosphorus containing carboxylic esters are prepared by reaction of one of the above- 
described phosphorus acids, preferably a dithiophosphoric acid, and an unsaturated carboxylic acid or 
ester. Examples of unsaturated carboxylic acids and anhydrides include acrylic acid or esters, methacrylic 
acid or esters, itaconic acid or esters, fumaric acid or esters, and maleic acid, anhydride, or esters. 

The ester may be represented by one of the formulae: R 13 C = C(Ru)C(0)OR, 5 , or Ri 5 0-(0)C-HC = 
CH-C(0)OR 15 , wherein each R 13 and R 15 are independently hydrogen or a hydrocarbyl group having 1 to 
about 18, or to about 12, or to about 8 carbon atoms, R 14 is hydrogen or an alkyl group having from 1 to 
about 6 carbon atoms. In one embodiment, R13 is preferably hydrogen or a methyl group. 

Examples of unsaturated carboxylic esters include methyl acrylate, ethyl acrylate, 2-ethylhexyl acrylate 
2-hydroxyethyl acrylate, ethyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate 2- 
hydroxypropyl acrylate, ethyl maleate, butyl maleate and 2-ethylhexyl maleate. The above list includes 
mono- as well as diesters of maleic, fumaric and citraconic acids. If the carboxylic acid is used, the ester 
may then be formed by subsequent reaction of the phosphoric acid-unsaturated carboxylic acid adduct with 
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an alcohol, such as those described herein. 

In one embodiment, the phosphorus containing antiwear or extreme pressure agent is a reaction 
product of a phosphorus acid, preferably a dithiophosphoric acid, and a vinyl ether. The vinyl ether is 
represented by the formula R 16 -CH 2 = CH-OR17 wherein R 16 is independently hydrogen or a hydrocarbyl 
5 group having from 1 up to about 30, or up to about 24, or from up to about 12 carbon atoms. R1 7 is a 
hydrocarbyl group defined the same as R 16 . Examples of vinyl ethers include methyl vinyl ether, propyl 
vinyl ether, 2-ethylhexyl vinyl ether and the like. 

In one embodiment, the phosphorus containing antiwear or extreme pressure agent is a reaction 
product of a phosphorus acid, or a dithiophosphoric acid, and a vinyl ester. The vinyl ester may be 

10 represented by the formula 

RisCH = CH-0(0)CRi9, wherein Ri 8 is a hydrocarbyl group having from 1 to about 30, or to about 12 
carbon atoms, preferably hydrogen, and R19 is a hydrocarbyl group having 1 to about 30, or to about 12, or 
to about 8 carbon atoms. Examples of vinyl esters include vinyl acetate, vinyl 2-ethylhexanoate, vinyl 
butanoate, etc. 

75 

(D) Phosphorus or Boron Antiwear or Extreme Pressure agent 

In one embodiment, the lubricating compositions may additionally include a phosphorus or boron 
extreme pressure agent which is different from the hydrocarbyl phosphite (A) and/or (C). The phosphorus or 

20 boron antiwear or extreme pressure agent is generally at the same levels as the above phosphorus antiwear 
or extreme pressure agent. The phosphorus or boron antiwear and extreme pressure agent may include 
those phosphorus antiwear or extreme pressure agents described above. If the lubricating composition 
comprises the combination (C)(ii), one member of which is one of the above described phosphorus antiwear 
or extreme pressure agent, then the composition may additionally contain another of the above described 

25 phosphorus antiwear or extreme pressure agents, or one or more of the below described phosphorus or 
boron antiwear or extreme pressure agents. Examples of additional phosphorus or boron containing 
antiwear or extreme pressure agents include the above borated dispersants; an alkali metal borate; one of 
the above described borated overbased metal salts; a borated fatty amine; a borated phospholipid; and a 
borate ester. 

30 In another embodiment, the phosphorus or boron containing antiwear or extreme pressure agent is an 
alkali metal borate. Alkali metal borates are generally a hydrated particulate alkali metal borate which are 
known in the art. Alkali metal borates include mixed alkali and alkaline earth metal borates. These alkali 
metal borates are available commercially. Representative patents disclosing suitable alkali metal borates 
and their methods of manufacture include U.S. 3,997,454; 3,819,521; 3,853,772; 3,907,601; 3,997,454; and 

35 4,089,790. These patents are incorporated by reference for their disclosures of alkali metal borates and 
methods of their manufacture. 

In another embodiment, the phosphorus or boron antiwear or extreme pressure agent is a borated fatty 
amine. The borated amines are prepared by reacting one or more of the above boron compounds, such as 
boric acid or borate ester, with a fatty amine, e.g. an amine having from about four to about eighteen carbon 

40 atoms. The borated fatty amines are prepared by reacting the amine with the boron compound at about 
50 'C to about 300 'C, or from about 100*C to about 250 'C, and at a ratio of 3:1 to 1:3 equivalents of 
amine to equivalents of boron compound. 

In another embodiment, the phosphorus or boron containing antiwear or extreme pressure agent is a 
borated epoxide. The borated fatty epoxides are generally the reaction product of one or more of the above 

45 boron compounds, with at least one epoxide. The epoxide is generally an aliphatic epoxide having from 
about 8 up to about 24, or from about 10 to about 22, or from about 12 to about 20 carbon atoms. 
Examples of useful aliphatic epoxides include heptyl oxide, octyl oxide, stearyl oxide, oleyl oxide and the 
like. Mixtures of epoxides may also be used, for instance commercial mixtures of epoxides having from 14 
to about 16 carbon atoms and 14 to about 18 carbon atoms. The borated fatty epoxides are generally 

50 known and are disclosed in U.S. Patent 4,584,115. This patent is incorporated by reference for its 
disclosure of borated fatty epoxides and methods for preparing the same. 

In another embodiment, the phosphorus or boron containing antiwear or extreme pressure agent is a 
borated phospholipid. The borated phospholipids are prepared by reacting a combination of a phospholipid 
and a boron compound. Optionally, the combination may include an amine, an acylated nitrogen compound, 

55 such as reaction products of carboxylic acrylating agents and polyamines, a carboxylic ester, such as 
reaction products of carboxylic acrylating agents and alcohols and optionally amines, a Mannich reaction 
product, or a basic or neutral metal salt of an organic acid compound. Phospholipids, sometimes referred to 
as phosphatides and phospholipins, may be natural or synthetic. Naturally derived phospholipids include 
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those derived from fish, fish oil, shellfish, bovine brain, chicken eggs, sunflowers, soybean, corn, and 
cottonseed. Phospholipids may be derived from microorganisms, including blue-green algae, green algae, 
and bacteria. 

The reaction of the phospholipid, the boron compound, and the optional components usually occurs at a 
temperature from about 60 or about 90 *C up to about 200 'C, up to about 150*C. The reaction is 
typically accomplished in about 0.5, or about 2 up to about 10 hours. Generally, from one equivalent to 
about three equivalents of the phospholipid are reacted with each boron atom of the boron compound. An 
equivalent of phospholipid is determined by the number of phosphorus atoms in the phospholipid. The 
equivalent of boron compound is determined by the number of boron atoms in the boron compound. When 
a combination of a phospholipid and an additional component, then one atom of the boron compound is 
reacted with from one to about three equivalents of the combination. The equivalents of the combination is 
determined by the total equivalents of the phospholipid and the additional component. 

Other Additives 

The invention also contemplates the use of other additives together in the lubricating compositions. 
Such additives include, for example, detergents and dispersants, corrosion- and oxidation-inhibiting agents, 
pour point depressing agents, extreme pressure agents, antiwear agents, color stabilizers and anti-foam 
agents. 

The detergents are exemplified by oil-soluble neutral and basic salts (i.e. overbased salts) of alkali or 
alkaline earth metals with sulfonic acids, carboxylic acids, phenols or organic phosphorus acids, such as 
those described above. The oil-soluble neutral or basic salts of alkali or alkaline earth metal salts may also 
be reacted with a boron compound. Boron compounds are described above. The overbased and borated 
overbased metal salts are described above. 

Auxiliary extreme pressure agents and corrosion- and oxidation-inhibiting agents which may be included 
in the lubricants of the invention are exemplified by chlorinated aliphatic hydrocarbons such as chlorinated 
wax; sulfurized alkylphenol; phosphosulfurized hydrocarbons, such as the reaction product of a phosphorus 
sulfide with turpentine or methyl oleate; metal thiocarbamates, such as zinc dioctyldithiocarbamate, and 
barium diheptylphenyl dithiocarbamate; dithiocarbamate esters, such as reaction products of an amine (e.g., 
butylamine), carbon disulfide, and an unsaturated compound selected from acrylic, methacrylic, maleic, or 
fumaric acids, esters, or salts and acrylamides; and alkylene- or bis (S-alkyl dithiocarbamoyl) disulfides 
(also known as sulfur-coupled dithiocarbamate), such as methylene or phenylene coupled bis (dibutyl- 
dithiocarbamates). Many of the above-mentioned extreme pressure agents and corrosion- and oxidation- 
inhibitors also serve as antiwear agents. 

Pour point depressants are additives often included in the lubricating oils described herein. Examples of 
useful pour point depressants are polymethacrylates; poly aery lates; poly aery lam ides; condensation pro- 
ducts of haloparaffin waxes and aromatic compounds; vinyl carboxylate polymers; and polymers of 
dialkylfumarates, vinyl esters of fatty acids and alkyl vinyl ethers. Pour point depressants useful for the 
purposes of this invention, techniques for their preparation and their uses are described in U.S. Patents 
2,387,501; 2,015,748; 2,655.479; 1,815,022; 2,191,498; 2,666,746; 2,721,877; 2,721,878; and 3,250,715 
which are hereby incorporated by reference for their relevant disclosures. 

Antifoam agents are used to reduce or prevent the formation of stable foam. Typical antifoam agents 
include silicones or organic polymers. Additional antifoam compositions are described in "Foam Control 
Agents", by Henry T. Kerner (Noyes Data Corporation, 1976), pages 125-162. 

Lubricants 

As previously indicated, the above described components may be employed in a variety of lubricants 
based on diverse oils of lubricating viscosity, including natural and synthetic lubricating oils and mixtures 
thereof. These lubricants include crankcase lubricating oils for spark-ignited and compression-ignited 
internal combustion engines, including automobile and truck engines, two-cycle engines, aviation piston 
engines, marine and railroad diesel engines, and the like. They can also be used in natural gas engines, 
stationary power engines and turbines and the like. Automatic or manual transmission fluids, transaxle 
lubricants, gear lubricants, both for open and enclosed systems, tractor lubricants, metal-working lubricants, 
hydraulic fluids and other lubricating oil and grease compositions can also benefit from the incorporation 
therein of the compositions of the present invention. They may also be used in lubricants for wirerope, 
walking cam, slideway, rock drill, chain and conveyor belt, worm gear, bearing, and rail and flange 
applications. 
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The concentrate may contain the lubricant components used in preparing fully formulated lubricants. 
The concentrate also contains a substantially inert organic diluent, which includes kerosene, mineral 
distillates, or one or more of the oils of lubricating viscosity discussed below. In one embodiment, the 
concentrates contain from about 0.01% up to about 90%, or from about 0.1% up to about 80%, or from 

5 about 1% up to about 70% by weight of the above described components. 

In one embodiment, the lubricating composition contains less than about 2%, or less than about 1.5%, 
or less than about 1.0%, or less than about 0.5% by weight of reaction product of a polyisobutenyl 
substituted succinic anhydride and a polyalkylenepolyamine. In another embodiment the lubricating 
compositions, such as gear lubricants, contain less than 2%, or less than 1.5%, or less than 1% by weight 

w of a dispersant, such as those described herein. The dispersants may include carboxylic dispersants, amine 
dispersants, Mannich dispersants, post-treated dispersants and polymeric dispersants. 

The lubricating compositions and methods of this invention employ an oil of lubricating viscosity, 
including natural or synthetic lubricating oils and mixtures thereof. Natural oils include animal oils, vegetable 
oils, mineral lubricating oils, and solvent or acid treated mineral oils. Synthetic lubricating oils include 

15 hydrocarbon oils (polyalpha-olefins), halo-substituted hydrocarbon oils, alkylene oxide polymers, esters of 
dicarboxylic acids and polyols, esters of phosphorus-containing acids, polymeric tetrahydrofurans and 
silicon-based oils. Unrefined, refined, and rerefined oils, either natural or synthetic, may be used in the 
compositions of the present invention. A description of oils of lubricating viscosity occurs in U.S. Patent 
4,582,618 (column 2, line 37 through column 3, line 63, inclusive), herein incorporated by reference for its 

20 disclosure to oils of lubricating viscosity. 

In one embodiment, the oil of lubricating viscosity or a mixture of oils of lubricating viscosity are 
selected to provide lubricating compositions with a kinematic viscosity of at least about 3.5 cSt, or at least 
about 4.0 cSt at 100*0. In one embodiment, the lubricating compositions have an SAE gear viscosity 
number of at least about SAE 65, or from at least about SAE 75. The lubricating composition may also have 

25 a so-called multigrade rating such as SAE 75W-80, 75W-90, 75W-90, or 80W-90. Multigrade lubricants may 
include a viscosity improver which is formulated with the oil of lubricating viscosity to provide the above 
lubricant grades. Useful viscosity improvers include but are not limited to polyolefins, such as ethylene- 
propylene copolymers, or polybutylene rubbers, including hydrogenated rubbers, such as styrene-butadiene 
or styrene-isoprene rubbers; or polyacrylates, including polymethacrylates. Preferably the viscosity im- 

30 prover is a polyolefin or polymethacrylate or from polymethacrylate. Viscosity improvers available commer- 
cially include Acryloid™ viscosity improvers available from Rohm & Haas; Shellvis™ rubbers available from 
Shell Chemical; and Lubrizol 3174 available from The Lubrizol Corporation. 

The following examples relate to lubricating composition containing the components of the present 
invention. 

35 

Example I 

A lubricating composition is prepared by incorporating 1.5% by weight of a dialkyl hydrogen phosphite 
prepared from a mixture of alcohols having from about 14 to about 18 carbon atoms; 3.7% by weight of the 

40 organic polysulfide of Example S-1; 0.5% by weight of an oil solution containing 67% by weight of a 
borated dispersant prepared by reacting a polybutenyl (Mn = 950) succinic anhydride with polyamine 
bottoms to form an intermediate which is further reacted with boric acid, wherein the oil solution contains 
2.3% nitrogen and 1 .9% boron; and a Primene 81 R salt of a hydrocarbyl phosphoric acid prepared reacting 
phosphorus pentoxide with a mixture of alcohols having from 14 to 18 carbon atoms into an SAE 80W-90 

45 lubricating oil mixture. 

Example II 

A lubricating composition is prepared by incorporating 1 .2% by weight of the phosphite of Example I, 
so 3.2% by weight of the polysulfide of Example S-1, and 1.5% by weight of the borated overbased metal salt 
of Example 2 into a 75W-90 lubricating oil mixture. 

Example 111 

55 A lubricating composition is prepared as described in Example 1 , except 0.4% by weight of dibutyl- 
hydrogen phosphite is additionally included in the lubricating oil mixture. 
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Example IV 

A lubricating composition is prepared as described in Example III except 0.8% by weight of the product 
of Example P-3 is additionally included in the oil mixture. 

Example V-Vlll 

The Table 1 contains further examples of lubricating compositions containing the components of the 
present invention. The lubricating compositions are prepared by incorporating the components into an SAE 
80W-90 lubricating oil mixture. 

Table 1 





Ex. V 


Ex. VI 


Ex. VII 


Ex. VIII 


Phosphite of Example I 


0.9 


2 


1 


3 


Organic polysulfide of Example S-1 


3.2 


3.5 


3.5 


3.5 


Borated dispersant of Example I 


0.9 








Product of Example 2 




1.2 


1.2 


1.2 


Product of Example P-3 


1.2 


0.1 






Phosphate of Example III 


1.3 


mmm 


1.2 


mmm 


Dibutyl hydrogen phosphite 






0.3 




Amine hydrocarbyl phosphate 8 






0.75 




Triphenyl phosphite 




0.3 


0.3 




Acylated nitrogen dispersant b 




0.2 




0.2 


Antioxidant 0 


0.1 1 


0.86 2 


0.9 2 


0.9 2 


| Monoisopropanol amine 


0.03 








Glycerol monooleate 




0.2 


0.2 


0.2 


Silicon antifoam agent 


800 ppm 






200 


Polyacrylate foam inhibiter 


0.05 


0.08 


0.08 


0.08 



(a) - A Primene 81 R amine salt of a hydrocarbyl phosphate prepared by reacting 
phosphorus pentoxide with Alfol 8-10 alcohol mixture. 

(b) - An oil solution containing 60% by weight of a reaction product of a polybuteny! 
(Mn = 950) substituted succinic anhydride with polyamine bottoms, wherein the oil 
solution contains 1.05% nitrogen and has a total base number of 15. 

(c) - 

1. An in situ reaction product of dimercaptothiadiazole, formaldehyde and 
heptylphenol. 

2. A reaction product of dimercaptothiadiazole and a carboxylic ester dispersant 
prepared by reacting a polybutenyl (Mn = 950) substituted succinic anhydride with 
pentaerythritol and polyethylenepolyamines. 



Claims 

1. A lubricating composition comprising a major amount of an oil of lubricating viscosity, (A) an 
hydrocarbyl phosphite, wherein each hydrocarbyl group is saturated and independently contains from 
12 to 28 carbon atoms, (B) an organic polysulfide, and (C) (i) a borated overbased salt of an acidic 
organic compound, (ii) a combination of a borated dispersant and a phosphorus antiwear or extreme 
pressure agent selected from the group consisting of a phosphoric acid ester or salt thereof, a lower 
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alkyl phosphite, and a phosphorus-containing carboxylic acid, ester, ether, or amide, or (iii) a mixture of 
(i) and (ii), and, optionally, (D) a boron or phosphorus antiwear or extreme pressure agent other than 
(C). 

5 2. The composition of claim 1 wherein (A) is an alkyl phosphite independently having from 14 to 24 
carbon atoms in each alkyl group and (B) is prepared from an oil, a fatty acid or ester, an olefin, or a 
polyolefin. 

3. The composition of any one of claims 1 or 2 wherein (B) is prepared from a compound represented by 
10 the formula 

R* 1 R* 2 C = CR" 3 R H , 

wherein each of R*\ R* 2 , R* 3 and R* is independently hydrogen, hydrocarbyl, -C(R*)3, -COOR*. 
is -CON(R* 5 )2, -COON(R*% -COOM, -CN, -X, -YR* 5 or -Ar, wherein each R* is independently hydrogen 
or hydrocarbyl group, with the proviso that any two R" 5 groups can be hydrocarbylene or substituted 
hydrocarbylene whereby a ring of up to 12 carbon atoms is formed; M is one equivalent of a metal 
cation; X is halogen; Y is oxygen or divalent sulfur; Ar is an aryl or substituted aryl group of up to 12 
carbon atoms. 

20 

4. The composition of any one of claims 1-3 wherein (B) is prepared from an olefin having from 2 to 8 
carbon atoms. 

5. The composition of any one of claims 1-4 wherein (C) is (i) a borated overbased sulfonate, carboxylate, 
25 or phenate; (it) a combination of (1) a borated dispersant selected from the group consisting of a 

borated acylated amine, a borated carboxylic ester, a borated Mannich reaction product and a borated 
hydrocarbyl amine, and (2) a phosphorus antiwear or extreme pressure agent selected from the group 
consisting of a phosphoric acid ester prepared by reacting a dithiophosphoric acid with an epoxide to 
form an intermediate, and reacting the intermediate with a phosphorus acid or anhydride, or a salt of 
30 the phosphoric acid ester; a phosphoric acid ester prepared by reacting a phosphorus acid or 
anhydride with at least one alcohol containing from one to 30 carbon atoms, or a salt of the phosphorus 
acid ester; a lower hydrocarbyl phosphite independently having from one to six carbon atoms in each 
hydrocarbyl group; and a phosphorus-containing carboxylic amide, acid, ester, or ether prepared by 
reacting a phosphorus acid with an unsaturated compound, or (iii) a mixture of (i) and (ii). 

35 

6. The composition of claim 5 wherein the unsaturated compound is selected from the group consisting of 
an unsaturated amide selected from the group consisting of acrylamide, N.N'-methylene bisacrylamide, 
methacrylamide, and crotonamide; an unsaturated acid or ester represented by one of the formulae: 
Ri 3 C = C(Ru)C(0)0Ris, or R,sO-(0)C-HC = CH-C(0)ORi 5) wherein each Ru and R15 are indepen- 

40 dently hydrogen or a hydrocarbyl group having 1 to 18 carbon atoms, Ru is hydrogen or an alkyl 
group having from 1 to 6 carbon atoms; a vinyl ether represented by the formula R^-Chb = CH-ORi? 
wherein Ru is hydrogen or a hydrocarbyl group having from 1 up to 30 carbon atoms, and R17 is a 
hydrocarbyl group having from 1 up to 30 carbon atoms; and a vinyl ester represented by the formula 
RisCH = CH-0(0)CRi9, wherein R 18 is hydrogen or a hydrocarbyl group having from 1 to 30 carbon 

45 atoms, and R19 is a hydrocarbyl group having from 1 to 30 carbon atoms. 

7. The composition of any one of claims 1-6 wherein (C) is (i) a borated sodium, magnesium, or calcium 
overbased sulfonate; (ii) a combination of (1) a borated reaction product of a hydrocarbyl substituted 
carboxylic acylating agent and a polyamine, and (2) a phosphorus antiwear or extreme pressure agent 

50 selected from the group consisting of an ammonia or amine salt of a phosphoric acid ester prepared by 
reacting a dithiophosphoric acid with an epoxide to form an intermediate, and reacting the intermediate 
with a phosphorus acid or anhydride; an ammonia or amine salt of a phosphoric acid ester prepared by 
reacting a phosphorus acid or anhydride with at least one alcohol containing from one to 30 carbon 
atoms; a lower hydrocarbyl phosphite independently having from one to six carbon atoms in each 

55 hydrocarbyl group; and a phosphorus-containing carboxylic amide, acid, ester, or ether prepared by 
reacting a dithiophosphoric acid with an unsaturated ester selected from the group consisting of a 
methyl-, ethyl-, butyl-, hexyh or 2-ethy!hexyl-acrylate,-methacrylate, or-maleate, or (Hi) a mixture of (i) 
and (ii). 
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8. The lubricating composition of claim 1 wherein the lubricating composition is a metal working fluid, a 
transmission fluid, or a gear oil. 

9. The lubricating composition of any one of claims 1-8 having from 0.5% to 3% by weight of (A), from 
5 1% to 5% of (B), from 0.5% to 5% by weight of (C), and, optionally, from 0.05% to 4% by weight of 

(D). 

10. A method of providing limited slip performance comprising the step of introducing the lubricating 
composition of claim 1 to a differential or transmission, and operating the differential or transmission. 

10 
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